The human vocal system is highly plastic, allowing for the flexible expression of language, mood and intentions. However, this plasticity is not stable throughout the life span, and it is well documented that adult learners encounter greater difficulty than children in acquiring the sounds of foreign languages. Researchers have used magnetic resonance imaging (MRI) to interrogate the neural substrates of vocal imitation and learning, and the correlates of individual differences in phonetic "talent". In parallel, a growing body of work using MR technology to directly image the vocal tract in real time during speech has offered primarily descriptive accounts of phonetic variation within and across languages. In this paper, we review the contribution of neural MRI to our understanding of vocal learning, and give an overview of vocal tract imaging and its potential to inform the field. We propose methods by which our understanding of speech production and learning could be advanced through the combined measurement of articulation and brain activity using MRI -specifically, we describe a novel paradigm, developed in our laboratory, that uses both MRI techniques to for the first time map directly between neural, articulatory and acoustic data in the investigation of vocalisation. This non-invasive, multimodal imaging method could be used to track central and peripheral correlates of spoken language learning, and speech recovery in clinical settings, as well as provide insights into potential sites for targeted neural interventions.
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Introduction
The sensorimotor plasticity of the human brain is essential to the acquisition of spoken language. When learning a second language, or L2, it has been shown that the age at which learning begins has a substantial impact on how native or natural spoken pronunciation of that language sounds (Flege et al., 1999 (Flege et al., , 1995 . An increased knowledge of learning in the adult vocal system is, in general, critical to the wider understanding of human communicative behavior, from the flexibility of self-expression in conversation to the recovery of speech and functional reorganization after brain injury. However, speech is one of the most complex actions we perform, with equally complex acoustic consequences. In order to understand its mechanistic underpinnings, we must identify adequate methodology with which to measure and link central neural processes, the actions of peripheral effector systems (i.e. the larynx and articulators) and the acoustic correlates of speech. Magnetic resonance imaging (MRI) offers the opportunity to achieve such a comprehensive account of vocal behavior. In this review, we examine the neuroimaging literature on vocal learning and sensorimotor adaptation, including individual differences in these processes, and point to some of the challenges of assessing speech performance. We provide an introduction to the MRI of vocal tract dynamics as a means of obtaining performance measures more proximal to the motor task of speech production. We outline the applications of vocal tract imaging techniques to date, and propose how these can be incorporated into cognitive neuroscience via a methodological approach in which acoustic, articulatory and neural data can be integrated via analyses of representational similarities.
Phonetic learning in the brain: Functional and structural underpinnings identified with MRI
Humans are vocal learners, with a sophisticated capacity to volitionally inflect speech and vocalizations dependent on acoustic, linguistic and social contexts (McGettigan, 2015; Pisanski et al., 2016) . Imitation of heard speech is largely instinctive to infant language learners, and as a task, is readily achievable for adult spoken language users -so much so that convergence on spoken pronunciation can occur in the absence of awareness (Kappes et al., 2009; Pardo, 2006a; Pardo et al., 2012; Pardo and Jay, 2010, 
